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I n  S o u t h  C a r o l i n a ,  s i l v i c u l -
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i n  1 9 7 6  b y  t h e  S o u t h  C a r o l i n a  F o r -
e s t r y  A s s o c i a t i o n .  B e s t  M a n a g e m e n t  
P r a c t i c e s  f o r  S o u t h  C a r o l i n a ' s  F o r e s t  
W e t l a n d s  w a s  p u b l i s h e d  b y  t h e  S o u t h  
C a r o l i n a  F o r e s t r y  C o m m i s s i o n  
( S C F C )  i n  1 9 8 9 .  S i l v i c u l t u r a l  g u i d e -
l i n e s  w e r e  u p d a t e d  i n  1 9 9 4  w h e n  t h e  
S C F C  p u b l i s h e d  S o u t h  C a r o l i n a ' s  
B e s t  M a n a g e m e n t  P r a c t i c e s  f o r  
F o r e s t r y  t o  r e p l a c e  t h e  t w o  e a r l i e r  
m a n u a l s .  
C o m p l i a n c e  w i t h  B e s t  M a n -
a g e m e n t  P r a c t i c e s  ( B M P s )  h a s  b e e n  
s u r v e y e d  t w i c e  i n  S o u t h  C a r o l i n a .  
O v e r a l l  B M P  c o m p l i a n c e  w a s  8 4 . 5 %  
i n  t h e  f i r s t  s u r v e y  i n  1 9 9 0 *  a n d  8 4 . 7 %  
i n  t h e  s e c o n d  s u r v e y  i n  1 9 9 1 . * *  T h e  
c u r r e n t  s t u d y  w a s  d e s i g n e d  t o  u p d a t e  
t h e  s t a t e w i d e  l e v e l  o f  B M P  c o m p l i -
a n c e  f r o m  p r e v i o u s  s u r v e y s  w i t h  
e m p h a s i s  p l a c e d  o n  B M P  c o m p l i a n c e  
i n  t h e  B l u e  R i d g e  M o u n t a i n s  o f  S o u t h  
C a r o l i n a .  
S T U D Y  M E T H O D S  
S i t e  L o c a t i o n  
T w o  h u n d r e d  h a r v e s t e d  s i t e s  
w e r e  l o c a t e d  i n  S o u t h  C a r o l i n a  f o r  
e v a l u a t i o n  o f  B M P  c o m p l i a n c e .  T h e  
n u m b e r  o f  s i t e s  s e l e c t e d  w a s  b a s e d  o n  
t h e  s a m p l e  s i z e  n e e d e d  f o r  s t a t i s t i c a l  
a n a l y s i s .  B M P  c o m p l i a n c e  c h e c k s  
w e r e  m a d e  o n  h a r v e s t e d  s i t e s  t h a t  
w e r e  n o  o l d e r  t h a n  o n e  y e a r  o l d .  
M o s t  o f  t h e  s i t e s  w e r e  l o g g e d  b e -
t w e e n  m i d - 1 9 9 2  a n d  m i d - 1 9 9 3 ,  a n d  
t h e y  w e r e  i n s p e c t e d  d u r i n g  t h e  s p r i n g  
a n d  s u m m e r  o f  1 9 9 3 .  A l s o ,  h a r v e s t e d  
s i t e s  h a d  t o  b e  a  m i n i m u m  o f  1 0  
a c r e s .  N o  s i t e  w a s  s a m p l e d  t h a t  h a d  
b e e n  s i t e  p r e p a r e d .  H a r v e s t e d  s i t e s  
w e r e  n o t  r e q u i r e d  t o  b e  a s s o c i a t e d  
w i t h  s t r e a m s  o r  w e t l a n d  a r e a s  a s  w a s  
t h e  c a s e  i n  t h e  f i r s t  r o u n d  o f  m o n i t o r -
i n g  i n  1 9 9 0 .  
S e l e c t e d  s i t e s  w e r e  d i s t r i b u t e d  
i n  p r o p o r t i o n  t o  t h e  v o l u m e  o f  t i m b e r  
h a r v e s t e d  i n  a l l  c o u n t i e s  e x c e p t  t h o s e  
i n  t h e  B l u e  R i d g e  M o u n t a i n  r e g i o n .  
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* * A d a m s ,  T .  a n d  D .  H o o k .  1 9 9 3 .  i m p l e m e n t a t i o n  a n d  E f f e c t i v e n e s s  M o n i t o r i n g  o f  F o r e s t r y  B e s t  M a n a g e m e n t  P r a c t i c e s  o n  
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The average volume of timber har-
vested in individual counties was 
based on unpublished annual timber 
harvest data collected by the U.S. 
Forest Service. Outside the Blue 
Ridge Mountain region, the number 
of sites sampled within any particular 
county was in proportion to the 
percent of that county's harvest in 
relation to the entire state. In the Blue 
Ridge Mountain region, all harvested 
sites that met sample site criteria were 
evaluated. Statewide, the number of 
sites located within individual coun-
ties ranged from one to fifteen sites. 
Sites were identified by SCFC forest-
ers from fixed-wing aircraft. 
Figure 1. Two hundred harvested sites were evaluated for BMP compliance. 
L a n d o w n e r  Q u e s t i o n n a i r e  
S C F C  f o r e s t e r s  c o n t a c t e d  a l l  
l a n d o w n e r s  w h o s e  s i t e s  w e r e  s e l e c t e d  
f o r  B M P  c o m p l i a n c e  c h e c k s .  F o u r  
c a t e g o r i e s  o f  l a n d o w n e r s  w e r e  r e c o g -
n i z e d  f o r  t h e  p u r p o s e  o f  t h i s  s t u d y :  
( 1 )  n o n - i n d u s t r i a l  p r i v a t e  l a n d o w n e r s  
w h o  o w n  l e s s  t h a n  1 , 0 0 0  a c r e s  o f  
f o r e s t l a n d ,  ( 2 )  n o n - i n d u s t r i a l  p r i v a t e  
l a n d o w n e r s  w h o  o w n  m o r e  t h a n  1  , 0 0 0  
a c r e s  o f  f o r e s t l a n d ,  ( 3 )  p u b l i c  l a n d s  
(bo~h s t a t e  a n d  f e d e r a l ) ,  a n d  ( 4 )  
i n d u s t r i a l  l a n d s .  P r i o r  t o  s i t e  i n s p e c -
t i o n ,  l a n d o w n e r s  w e r e  q u e s t i o n e d  
c o n c e r n i n g  t h e i r  f a m i l i a r i t y  w i t h  
B M P s ,  t h e i r  u s e  o f  a  p r o f e s s i o n a l  
f o r e s t e r ,  t h e i r  u s e  o f  a  w r i t t e n  s a l e s  
c o n t r a c t ,  a n d  w h e t h e r  c o m p l i a n c e  
w i t h  B M P s  h a d  b e e n  r e q u i r e d  o f  t h e  
h a r v e s t i n g  c o n t r a c t o r .  
B M P  C o m p l i a n c e  I n s p e c t i o n  
S i t e  i n s p e c t i o n s  w e r e  m a d e  
d u r i n g  t h e  s p r i n g ,  s u m m e r ,  a n d  f a l l  o f  
1 9 9 3 .  T h e  e v a l u a t i o n s  w e r e  m a d e  b y  
a  t w o - p e r s o n  t e a m  o f  S C F C  f o r e s t e r s  
c o n s i s t i n g  o f  t h e  f o r e s t  h y d r o l o g i s t  
a n d  t h e  p r o j e c t  f o r e s t e r .  T h e  i n s p e c -
t i o n  c o v e r e d  c o m p l i a n c e  w i t h  B M P s  
i n  e a c h  o f  f i v e  c a t e g o r i e s :  ( 1 )  r o a d  
s y s t e m s ,  ( 2 )  r o a d  s t r e a m  c r o s s i n g s ,  
( 3 )  s t r e a m s i d e  m a n a g e m e n t  z o n e s  
( S M Z s ) ,  ( 4 )  l o g  d e c k s ,  a n d  ( 5 )  h a r -
v e s t i n g  o p e r a t i o n s .  E a c h  m a j o r  
c a t e g o r y  w a s  e v a l u a t e d  o n  a  p a s s / f a i l  
b a s i s  d e p e n d i n g  o n  t h e  r e s p o n s e s  t o  a  
s e r i e s  o f  y e s / n o  q u e s t i o n s  w i t h i n  e a c h  
c a t e g o r y .  
E a c h  h a r v e s t i n g  o p e r a t i o n  w a s  
r a t e d  f o r  o v e r a l l  B M P  c o m p l i a n c e  
a f t e r  a l l  i n d i v i d u a l  B M P s  w e r e  f u l l y  
e v a l u a t e d .  S i t e s  w e r e  c a t e g o r i z e d  a s  
e i t h e r  e x c e l l e n t ,  a d e q u a t e ,  o r  i n a d -
e q u a t e  d e p e n d i n g  o n  t h e  l e v e l  o f  
B M P  c o m p l i a n c e .  T h e  o v e r a l l  c o m -
p l i a n c e  r a t i n g ,  t h o u g h  s u b j e c t i v e ,  w a s  
b a s e d  o n  c o m p l i a n c e  w i t h  s p e c i f i c  
B M P s  a s  n o t e d  t h r o u g h o u t  t h e  e v a l u a -
t i o n .  W h e n  s i t e s  w e r e  r a t e d  a s  i n a d -
e q u a t e ,  t h e  m a j o r  p r o b l e m s  o n  t h a t  
s i t e  w e r e  i d e n t i f i e d .  S i t e s  w e r e  r a t e d  
a s  i n a d e q u a t e  w h e n  n o n - c o m p l i a n c e  
w i t h  r e c o m m e n d e d  w a t e r  q u a l i t y  
r e l a t e d  B M P s  r e s u l t e d  i n  a n  e v i d e n t  
o f f - s i t e  w a t e r  q u a l i t y  i m p a c t .  T h i s  i s  
i n  c o n t r a s t  t o  t h e  t w o  p r e v i o u s  B M P  
c o m p l i a n c e  s u r v e y s ,  i n  w h i c h  s i t e s  
P a g e S  
1  
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were rated as inadequate for non-
compliance with either water quality 
related BMPs or site productivity 
related BMPs. This change in BMP 
compliance evaluation was necessary 
in order to accurately describe the 
impact of harvesting operations on the 
water quality of associated streams. 
Statistical Analysis 
Compliance values were com-
puted for each of the five main BMP 
categories as well as for overall BMP 
implementation. BMP compliance 
estimates were weighted by physi-
ographic regions to remove the bias 
caused by intensive sampling in the 
Blue Ridge Mountains. A 95% 
confidence interval was calculated for 
each compliance value. Problems 
which contributed to non-compliance 
were identified for each of the major 
BMP categories and overall BMP 
implementation. 
Sixteen variables, including site 
characteristics and management 
decisions, were identified which 
could have possibly affected the level 
of BMP compliance. All of these 
variables were evaluated through 
landowner interviews or by on-site 
inspection of the harvesting opera-
tions. Statistical analysis was per-
formed on each of these variables to 
determine the significance of their 
relationship with BMP compliance. 
MONITORING 
RESULTS 
BMP compliance checks were 
completed on 200 harvested sites 
between June 1, 1993 and September 
30, 1993. Thirty of the 200 sites were 
located in the Blue Ridge Mountain 
region. The difference in sampling 
intensity within the Blue Ridge 
Mountain region and the rest of the 
state required a weighting of BMP 
compliance results to eliminate bias. 
Compliance with each of the five 
major BMP categories and overall 
BMP compliance is summarized as 
follows. 
I  
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a c c e p t a b l e  
R o a d  S y s t e m s  
C o m p l i a n c e  w i t h  r o a d  c o n s t r u c -
t i o n  a n d  m a i n t e n a n c e  B M P s  w a s  h i g h  
w h e n  c o n s i d e r i n g  r o a d  s t r e a m  c r o s s -
i n g s  s e p a r a t e l y .  S t a t e w i d e ,  1 4 5  o u t  o f  
t h e  2 0 0  s i t e s  t h a t  w e r e  e v a l u a t e d  
i n v o l v e d  r o a d w o r k .  O f  t h e s e  1 4 5  
s i t e s ,  1 3 6  s i t e s  h a d  a c c e p t a b l e  c o m p l i -
a n c e  w i t h  r o a d  B M P s ,  a n d  o n l y  9  
s i t e s  w e r e  r a t e d  a s  i n a d e q u a t e .  F i v e  
o f  t h e  9  s i t e s  t h a t  w e r e  r a t e d  i n a d -
e q u a t e  w e r e  i n  t h e  B l u e  R i d g e  M o u n -
t a i n s .  S t a t e w i d e  c o m p l i a n c e  w i t h  
r o a d  B M P s  w a s  9 6 . 0 %  w h e n  t h e  d a t a  
w a s  w e i g h t e d  b y  p h y s i o g r a p h i c  
r e g i o n  t o  r e m o v e  t h e  b i a s  c a u s e d  b y  
i n t e n s i v e  s a m p l i n g  i n  t h e  B l u e  R i d g e  
M o u n t a i n s .  C o m p l i a n c e  w i t h  r o a d  
P i c t u r e  1 .  T h e  u s e  o f  r o c k  s u r f a c i n g ,  b r o a d - b a s e d  d i p s ,  
a n d  s e e d i n g  t h e  r o a d  s h o u l d e r s  w i t h  g r a s s  c r e a t e d  s t a b l e  
c o n d i t i o n s  o n  t h i s  r o a d .  
B M P s  i n  t h i s  s u r v e y  a v e r a g e d  h i g h e r  
t h a n  t h e  9 2 %  l e v e l  o f  c o m p l i a n c e  t h a t  
w a s  r e p o r t e d  i n  t h e  l a s t  s u r v e y  
( A d a m s  a n d  H o o k ,  1 9 9 3 ) .  
I n a d e q u a t e  r a t i n g s  w e r e  d u e  t o  
t h e  l a c k  o f  a d e q u a t e  w a t e r  d i v e r s i o n  
s t r u c t u r e s  a n d  e m p t y i n g  o f  r o a d  
d i t c h e s  d i r e c t l y  i n t o  s t r e a m s .  A l l  n i n e  
s i t e s  w i t h  i n a d e q u a t e  r o a d  s y s t e m s  
l a c k e d  a d e q u a t e  w a t e r  d i v e r s i o n  
s t r u c t u r e s ,  a n d  e i g h t  o f  t h e s e  n i n e  
s i t e s  h a d  r o a d  d i t c h e s  w h i c h  e m p t i e d  
d i r e c t l y  i n t o  s t r e a m s .  R o a d  l a y o u t ,  
f i l t e r  s t r i p  w i d t h ,  a n d  r o a d  s l o p e  w e r e  
n o t  s i g n i f i c a n t  p r o b l e m s  o n  a  s t a t e -
w i d e  b a s i s .  
P i c t u r e  2 .  T h e  l a c k  o f  w a t e r  d i v e r s i o n  s t r u c t u r e s  o n  t h i s  
r o a d  r e s u l t e d  i n  e r o s i o n  a n d  d e p o s i t i o n  o f  s e d i m e n t  d o w n -
h i l l .  
I 
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Picture 3. Proper construction of culverted stream cross-
ings include using culverts that are long enough to extend 
beyond the toe of the fill, sizing culverts for expected storm 
flows, and stabilization of fill material. 
Road Stream Crossings 
~ PJ 0 § % Compliance with road stream 
acceptable crossing BMPs improved signifi-
cantly since the last survey. Of the 
200 sites that were inspected in this 
study, 32 sites involved road stream 
crossings. Of these 32 sites, 22 were 
designed, constructed, and maintained 
according to BMPs. Ten sites were 
rated as inadequate for road stream 
crossing BMPs. Six of these 10 sites 
were located in the Blue Ridge 
Mountains and 4 sites were located in 
the Southern Piedmont. No site 
received an inadequate rating for road 
stream crossings in the sandhill or 
coastal regions of the state. State-
wide compliance with road stream 
crossing BMPs was 79.5% when the 
data was weighted by physiographic 
region to remove the bias caused by 
intensive sampling in the Blue Ridge 
Picture 4. Lack of road water diversion structures uphill of 
this road stream crossing allowed road runoff to erode fill 
material. 
Mountains. Compliance with roacl 
stream crossing BMPs was 41.7% in 
the last survey (Adams and Hook, 
1993). 
The most common type of road 
stream crossing was the installation of 
culverts with soil fill. Sites with 
adequate ratings tended to utilize all 
stream crossing methods where 
appropriate. Sites with inadequate 
ratings tended to rely on two types of 
crossings, culvert with soil fill cross-
ings and debris fill crossings with a 
soil cap. All crossings that were 
inspected were generally unavoidable. 
Where culverted crossings received 
inadequate ratings, the culverts were 
generally undersized or improperly 
installed, and fill material was not 
stabilized. The impact of poorly 
designed crossings was generally 
visible downstream. 
: .  
1 P J o P J %  
a c c e p t a b l e  
S t r e a m s i d e  M a n a g e m e n t  
Z o n e s  
C o m p l i a n c e  w i t h  s t r e a m s i d e  
m a n a g e m e n t  z o n e  ( S M Z )  B M P s ,  
w h e n  w e i g h t e d  b y  p h y s i o g r a p h i c  
r e g i o n ,  a v e r a g e d  7 2 . 4 %  i n  t h e  l a s t  
s u r v e y  a s  c o m p a r e d  t o  7 9 . 9 %  i n  t h e  
t h i s  s u r v e y .  O f  t h e  2 0 0  s i t e s  t h a t  w e r e  
i n s p e c t e d ,  9 2  h a r v e s t e d  s i t e s  h a d  
p e r e n n i a l  s t r e a m s  o n  w h i c h  S M Z s  
w e r e  r e c o m m e n d e d .  S t a t e w i d e ,  7 1  o f  
t h e s e  9 2  s i t e s  h a d  a c c e p t a b l e  S M Z s  
w i t h  2 1  s i t e s  b e i n g  r a t e d  i n a d e q u a t e  
f o r  S M Z  c o m p l i a n c e .  O f  t h e  2 1  s i t e s  
w i t h  i n a d e q u a t e  S M Z  c o m p l i a n c e ,  8  
s i t e s  w e r e  l o c a t e d  i n  t h e  B l u e  R i d g e  
M o u n t a i n s ,  8  s i t e s  w e r e  i n  t h e  S o u t h -
e m  P i e d m o n t ,  1  s i t e  w a s  i n  t h e  C a r o -
l i n a  S a n d h i l l s ,  a n d  4  s i t e s  w e r e  i n  t h e  
A t l a n t i c  C o a s t  F l a t w o o d s .  S M Z s  
P i c t u r e  5 .  S M Z s  a r e  u s e f u l  i n  b r e a k i n g  u p  t h e  v i s u a l  
i m p a c t  o f  t h e  c l e a r c u t ,  s e r v i n g  a s  w i l d l i f e  c o r r i d o r s ,  a n d  
f i l t e r i n g  o u t  s e d i m e n t  f r o m  r u n o f f .  
w e r e  n o t  e v a l u a t e d  f o r  i n t e r m i t t e n t  o r  
e p h e m e r a l  s t r e a m s  i n  t h i s  s t u d y .  
A  s l i g h t l y  h i g h e r  p e r c e n t a g e  o f  
s i t e s  w i t h  i n a d e q u a t e  S M Z s  o c c u r r e d  
w h e r e  s l o p e s  e x c e e d e d  2 0 % .  I n a d -
e q u a t e  S M Z s  w e r e  g e n e r a l l y  d u e  t o  
t h e  t o t a l  a b s e n c e  o f  S M Z s  r a t h e r  t h a n  
S M Z s  b e i n g  n a r r o w e r  t h a n  r e c o m -
m e n d e d .  I n  e v a l u a t i n g  S M Z s ,  t h e  
t e a m  d i d  n o t  f i n d  a n  S M Z  i n a d e q u a t e  
i f  i t  w a s  o n l y  s l i g h t l y  n a r r o w e r  t h a n  
t h e  r e c o m m e n d e d  w i d t h .  I n a d e q u a t e  
r a t i n g s  w e r e  a t t r i b u t e d  t o  t h e  
i n d i s c r i m i n a n t  u s e  o f  v e h i c l e s  i n  t h e  
S M Z ,  t h e  i n t r o d u c t i o n  o f  w o o d y  
d e b r i s  i n  t h e  s t r e a m ,  a n d  t h e  m o v e -
m e n t  o f  s e d i m e n t  a c r o s s  n a r r o w  
S M Z s .  
P a g e 9  
P i c t u r e  6 .  R e m o v a l  o f  S M Z s  a l l o w e d  r u n o f f  f r o m  e r o d i n g  
s k i d  t r a i l s  t o  d e p o s i t  f r e s h  s e d i m e n t  i n  t h e  s t r e a m .  
I  
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Log Decks 
Compliance with log deck 
BMPs was the highest of the major 
BMP categories. Of the 200 sites that 
were inspected, 197 sites received 
adequate ratings for log deck BMP 
compliance. The three inadequate log 
decks were due to their location 
within a primary streamside manage-
ment zone, their lack of soil stabiliza-
tion following logging, or the exces-
sive discharge of fuel/oil and garbage 
at the deck. Two of the 3 sites with 
inadequate log deck rating were 
located in the Blue Ridge Mountains, 
and 1 site was located in the Southern 
Piedmont. Statewide compliance 
with log deck BMPs was 99.2% when 
weighted by physiographic region. 
Picture 7. This log deck was correctly placed on high 
ground away from drainages. Upon completion of the 
harvest, the deck was seeded with grass. 
Picture 8. How many log deck BMP violations can you 
find in this photo? The deck is placed on low ground, 
concentrating roads, skid trails, and the resulting runoff 
into the nearby stream. Also, the deck is actually within 
the SMZ as is the oil and hydraulic fluid which are visible 
in the foreground. 
,. 
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H a r v e s t i n g  O p e r a t i o n s  
T h e  h a r v e s t i n g  o p e r a t i o n  w a s  
e v a l u a t e d  o n  a l l  2 0 0  s i t e s  w i t h  1 7 8  
s i t e s  r e c e i v i n g  a d e q u a t e  r a t i n g s .  
H a r v e s t i n g  o p e r a t i o n  B M P  c o m p l i -
a n c e  w a s  9 0 . 6 %  w h e n  w e i g h t e d  b y  
p h y s i o g r a p h i c  r e g i o n .  O f  t h e  2 2  s i t e s  
w h i c h  r e c e i v e d  i n a d e q u a t e  h a r v e s t i n g  
r a t i n g s ,  7  s i t e s  w e r e  i n  t h e  B l u e  R i d g e  
M o u n t a i n s ,  1 0  s i t e s  w e r e  i n  t h e  
S o u t h e r n  P i e d m o n t ,  a n d  5  s i t e s  w e r e  
i n  t h e  A t l a n t i c  C o a s t  F l a t w o o d s .  
P r a c t i c e s  e v a l u a t e d  i n c l u d e d :  ( 1 )  
l a y o u t  o f  t h e  s k i d  t r a i l s ,  ( 2 )  d r a i n a g e  
c r o s s i n g s ,  ( 3 )  s o i l  m o i s t u r e  c o n d i t i o n s  
P i c t u r e  9 .  T h e  s k i d  t r a i l s  o n  t h i s  p r o p e r t y  w e r e  d e s i g n e d  t o  
f o l l o w  t h e  r i d g e  l i n e s  a n d  e l i m i n a t e  a n y  u n n e c e s s a r y  s t r e a m  
c r o s s i n g s .  
! Y J @ o @ %  
d u r i n g  l o g g i n g ,  (  4 )  d e g r e e  o f  r u t t i n g ,  
a n d  ( 5 )  p e r c e n t  o f  a r e a  i m p a c t e d  b y  
s k i d d i n g  e q u i p m e n t .  R u t s  w e r e  
c o n s i d e r e d  t o  b e  d e e p  i f  t h e y  w e r e  
o v e r  1 0  i n c h e s  d e e p .  T h e  e v a l u a t i o n  
o f  h a r v e s t i n g  o p e r a t i o n s  i n  t h i s  s u r v e y  
d i f f e r s  f r o m  p a s t  s u r v e y s  i n  t h a t  n o  
s i t e  r e c e i v e d  i n a d e q u a t e  r a t i n g s  f o r  
e x c e s s i v e  r u t t i n g  i f  t h e  r i s k  o f  i m p a c t s  
t o  w a t e r  q u a l i t y  w e r e  n o n e x i s t e n t .  
D e e p  r u t t i n g  w a s  e x c e s s i v e  o n  1 2  o f  
t h e  2 0 0  s i t e s  t h a t  w e r e  i n s p e c t e d .  
H o w e v e r ,  o n l y  3  o f  t h e  1 2  s i t e s  w i t h  
e x c e s s i v e  d e e p  r u t t i n g  r e c e i v e d  a n  
u n a c c e p t a b l e  B M P  r a t i n g  d u e  t o  
l i k e l y  w a t e r  q u a l i t y  i m p a c t s .  
a c c e p t a b l e  
P i c t u r e  1 0 .  T h e  p r i m a r y  s k i d  t r a i l  o n  t h i s  l o w - l y i n g  p r o p e r t y  
f o l l o w e d  t h e  s a n d y  s t r e a m  c h a n n e l .  A l t h o u g h  a  c o m m o n  
p r a c t i c e  i n  t h e  p a s t ,  c u r r e n t  B M P s  r e c o m m e n d  s k i d d i n g  
w i t h i n  t h e  s t r e a m  c h a n n e l  o n l y  i n  i s o l a t e d ,  w e l l - d e s i g n e d  
c r o s s i n g s .  
I 
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The majority of sites with both 
adequate and inadequate harvesting 
compliance ratings had between 10% 
and 20% of the area disturbed by 
skidding equipment. There was a 
slight trend for sites with inadequate 
ratings to have greater than 20% of 
the area impacted. The major prob-
lems which resulted in inadequate 
harvesting operation BMP compli-
ance were due to skid trail design and 
skid trail stream crossings. The main 
skid trails were designed appropri-
ately on only 31.8% of the sites which 
were rated inadequate for harvesting 
BMP compliance. On sites with 
inadequate harvesting BMP compli-
ance ratings, skidding equipment 
crossed 81% of all perennial and 
100% of all ephemeral streams. 
These crossings primarily involved 
the use of either debris or soil fill. 
Fords were the most common type of 
skid trail stream crossing on sites with 
adequate harvesting BMP ratings. 
Erosion from the skid trails or skid 
trail stream crossing fill material 
contributed to inadequate ratings. 
f35PJo§% 
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Overall BMP Compliance 
Overall BMP compliance in 
South Carolina, when weighted by 
physiographic region, was 89.5% as 
compared to 84.7% compliance in the 
last survey. Of the 200 sites in-
spected, 70 sites rated excellent, 103 
sites rated adequate, and 27 sites rated 
inadequate. Sites with inadequate 
compliance ratings were primarily 
located in the Piedmont and Blue . 
Ridge Mountain regions of the state. 
Only 5 inadequate sites were located 
in the coastal regions. The major 
problems that were identified on 
inadequate sites are listed below. 
Sites with excellent overall 
BMP compliance ratings scored well 
on all five individual BMP categories. 
Adequate sites scored well on all 
BMP categories except stream cross-
ing BMPs. In contrast, inadequate 
sites scored low on all categories 
except for log deck BMPs. Road 
stream crossing and streamside 
management zone BMPs appeared to 
be the most difficult BMP categories 
with which to comply. 
I  
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0  E x c e l l e n t  C o m p l i a n c e  
A d e q u a t e  C o m p l i a n c e  
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F i g u r e  2 .  O f  t h e  2 0 0  s i t e s  i n s p e c t e d ,  7 0  s i t e s  r a t e d  e x c e l l e n t ,  1 0 3  s i t e s  r a t e d  a d e q u a t e ,  a n d  2 7  s i t e s  r a t e d  
i n a d e q u a t e .  
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0 %  
R o a d  S M Z  
S t r e a m  C r o s s i n g s  H a r v e s t  
L o g  D e c k  
O v e r a l l  
B M P  C a t e g o r y  
F i g u r e  3 .  C o m p l i a n c e  i s  
s h o w n  f o r  t h e  5  m a j o r  
B M P  c a t e g o r i e s  a n d  
o v e r a l l  B M P  c o m p l i a n c e  
a l o n g  w i t h  9 5 %  
c o n f i d e n c e  i n t e r v a l s .  
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MAJOR PROBLEMS IDENTIFIED ON INADEQUATE SITES 
Identified Problems Number of Comments 
I. Streamside Management Zone was cut 20 
2. Poorly designed skid trail stream crossing 18 
3. Poorly designed and stabilized forest access roads IS 
4. Logging under wet soil conditions 13 
5. Poorly designed and stabilized skid trails 12 
6. Excessive amount of woody debris in streams 6 
7. Inadequate logging equipment for site conditions 4 
8. Log deck location and debris problems 3 
What Variables Affect BMP Compliance? 
Sixteen variables were analyzed to determine their effect on BMP compliance. 
>- Presence of perennial streams 
>- Terrain type 
>- Percent slope 
>- Use of a professional forester 
>- Required compliance with BMPs 
>- Physiographic region 
>- Use of a sales contract 
>- Percent of site impacted 
>- Landowner category 
>- Familiarity of landowner with BMPs 
>- Logged under wet soil conditions 
>- Rutting severity 
>- Road construction applicability 
>- Soil drainage class 
>- Presence of jurisdictional wetlands 
>- Harvest size 
/ ,  I  
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E i g h t  o f  t h e  1 6  v a r i a b l e s  w e r e  f o u n d  t o  b e  s i g n i f i c a n t l y  r e l a t e d  t o  B M P  
c o m p l i a n c e .  F o u r  o f  t h e s e  v a r i a b l e s  a r e  s i t e  c h a r a c t e r i s t i c s  a n d  f o u r  v a r i a b l e s  a r e  
m a n a g e m e n t  d e c i s i o n s .  S e v e r a l  o f  t h e s e  v a r i a b l e s  a r e  i n t e r r e l a t e d .  T h e  r e s u l t s  o f  
t h i s  a n a l y s i s  d i f f e r  f r o m  p r e v i o u s  s t u d i e s  ( A d a m s  a n d  H o o k ,  1 9 9 3 )  i n  t h a t  s i t e s  
w e r e  o n l y  r a t e d  i n a d e q u a t e  w h e n  n o n - c o m p l i a n c e  w i t h  B M P s  r e s u l t e d  i n  a  l i k e l y  
w a t e r  q u a l i t y  i m p a c t .  E a c h  o f  t h e  s i g n i f i c a n t  v a r i a b l e s  a r e  d i s c u s s e d  i n  t h e  f o l -
l o w i n g  p a g e s .  
P r e s e n c e  o f  P e r e n n i a l  S t r e a m s  
A l l  2 7  s i t e s  t h a t  f a i l e d  h a d  p e r e n n i a l  s t r e a m s  o n  t h e  p r o p e r t y .  I n a d e q u a t e  
s i t e s  m a y  h a v e  h a d  i n t e r m i t t e n t  a n d  e p h e m e r a l  s t r e a m s  p r e s e n t  a l s o .  T h e  p r o b -
a b i l i t y  o f  s t u d y  s i t e s  c o n t a i n i n g  p e r e n n i a l  s t r e a m s  i n c r e a s e d  d r a m a t i c a l l y  f r o m  
2 5 %  i n  t h e  c o a s t a l  r e g i o n s  o f  t h e  s t a t e  t o  6 0 %  i n  t h e  S o u t h e r n  P i e d m o n t  a n d  9 0 %  
i n  t h e  B l u e  R i d g e  M o u n t a i n s .  
D . .  
I :  
£ Q  
. . . ,  
c  
Q l  
u  
, _  
Q l  
D . .  
1 0 0 %  
N o  P e r e n n i a l  
S t r e a m  
P e r e n n i a l  S t r e a m  
P r e s e n t  
B M P  C o m p l i a n c e  f o r  S i t e s  w i t h :  
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Terrain Type 
BMP compliance was 
significantly higher on Carolina 
Bay, pine flatwood, and sand-
hill sites that are characteristic 
of the Southern Coastal Plain 
and Atlantic Coast Flatwoods. 
BMP compliance dropped for 
hilly Piedmont terrain and for 
bottomland sites which oc-
curred statewide. 
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Percent Slope Ranges 
Carolina Bay Flatwoods Sandhills Upland Bottomland 
Clay Hills 
Terrain Type 
Percent Slope 
Sites with the steepest slopes 
generally had lower BMP compliance 
than the more level sites. Sites with 
the steepest slopes occurred in Ander-
son, Chester, Fairfield, Lancaster, 
McCormick, Richland, Union, and 
York Counties in the Southern Pied-
mont and Greenville, Oconee, 
Pickens, and Spartanburg Counties in 
the Blue Ridge Mountain regions of 
the state 
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U s e  o f  a  P r o f e s s i o n a l  
F o r e s t e r  
B M P  c o m p l i a n c e  w a s  s i g n i f i -
c a n t l y  h i g h e r  o n  s i t e s  w h e r e  a  p r o f e s -
s i o n a l  f o r e s t e r  w a s  i n v o l v e d  i n  t h e  
t i m b e r  s a l e .  A  p r o f e s s i o n a l  f o r e s t e r  
w a s  c o n s i d e r e d  t o  h a v e  a  m i n i m u m  o f  
a  4 - y e a r  c o l l e g e  e d u c a t i o n  i n  f o r e s t r y .  
F o r e s t e r s  w e r e  i n v o l v e d  i n  a l l  p u b l i c  
a n d  i n d u s t r i a l  t i m b e r  s a l e s  t h a t  w e r e  
i n s p e c t e d ,  b u t  f o r e s t e r s  w e r e  o n l y  
i n v o l v e d  i n  7 1 %  o f  l a r g e ,  n o n - i n d u s -
t r i a l  p r i v a t e  s a l e s  a n d  6 0 %  o f  s m a l l ,  
n o n - i n d u s t r i a l  p r i v a t e  s a l e s .  
0 %  " - - - - - '  
R e q u i r e d  
B M P  C o m p l i a n c e  
D i d n ' t  R e q u i r e  
B M P  C o m p l i a n c e  
B M P  R e q u i r e m e n t s  i n  S a l e  C o n t r a c t s  
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. . . . . ,  4 0 %  
c  
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l o .  
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a . .  
U s e d  a  F o r e s t e r  
N o  F o r e s t e r  
F o r e s t e r ' s  I n v o l v e m e n t  i n  T i m b e r  S a l e  
R e q u i r e d  C o m p l i a n c e  w i t h  
B M P s  i n  C o n t r a c t  
B M P  c o m p l i a n c e  w a s  s i g n i f i -
c a n t l y  h i g h e r  o n  s i t e s  w h e r e  t h e  
l a n d o w n e r s  r e q u i r e d  c o m p l i a n c e  w i t h  
B M P s  i n  t i m b e r  s a l e  c o n t r a c t s .  C o n -
t r a c t s  a d d r e s s e d  s u c h  s p e c i f i c s  a s  
s t r e a m s i d e  m a n a g e m e n t  z o n e s ,  s t r e a m  
c r o s s i n g s ,  r o a d  c o n s t r u c t i o n ,  a n d  w e t  
w e a t h e r  l o g g i n g  r e s t r i c t i o n s .  S t a t e -
w i d e ,  4 9 %  o f  a l l  l a n d o w n e r s  r e q u i r e d  
c o m p l i a n c e  w i t h  a p p l i c a b l e  B M P s  o n  
t h e i r  p r o p e r t y .  
I 
/ 
Page 18 
Physiographic Region 
BMP compliance varied significantly across the state. Of the 27 inadequate 
sites, 11 were located in each of the Blue Ridge Mountain and Southern Piedmont 
regions of the state. One inadequate site was located in the Carolina Sandhills, 
and four inadequate sites were located in the Atlantic Coast Flatwoods. Proximity 
to streams and land slope were key factors in affecting BMP compliance among 
the various physiographic regions of the state. 
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Physiographic Regions of South Carolina 
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C o m p l i a n c e  w i t h  t h e  i n d i v i d u a l  B M P  c a t e g o r i e s  v a r i e d  a m o n g  p h y s i -
o g r a p h i c  r e g i o n s .  C o m p l i a n c e  w a s  l o w e s t  f o r  s t r e a m  c r o s s i n g  B M P s  i n  t h e  B l u e  
R i d g e  M o u n t a i n s  a n d  S o u t h e r n  P i e d m o n t .  T h e  S o u t h e r n  C o a s t a l  P l a i n  h a d  p e r f e c t  
c o m p l i a n c e  f o r  a l l  B M P  c a t e g o r i e s .  
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Landowner's Use of 
Sales Contracts 
BMP compliance varied 
significantly depending on 
whether a landowner used a 
timber sale contract. All public 
timber sales had timber sale 
contracts. Industrial landowners 
used timber sale contracts on 
90% of the inspected sites. 
Private landowners used timber 
sale contracts on 80% of the 
inspected sites. 
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Percent of Site Impacted by Equipment 
Had a Sales Contract No Sales Contract 
Use of Timber Sale Contracts 
Percent of Site Impacted 
by Skidding Equipment 
BMP compliance was signifi-
cantly higher on sites where less soil 
disturbance occurred. Soil disturb-
ance was characterized by rutted or 
churned soil. Concentrating skid 
trails, limiting logging under wet soil 
conditions, and using appropriate 
equipment for site conditions were all 
key factors in limiting site disturb-
ance. 
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L a n d o w n e r  C a t e g o r y  
A l t h o u g h  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  B M P  c o m p l i a n c e  d i d  v a r y  a m o n g  t h e  
f o u r  l a n d o w n e r  c a t e g o r i e s .  B M P  c o m p l i a n c e  f o r  p u b l i c ,  i n d u s t r i a l ,  a n d  l a r g e ,  
n o n - i n d u s t r i a l  p r i v a t e  l a n d o w n e r s  a l l  e x c e e d e d  9 0 %  c o m p l i a n c e .  S m a l l ,  n o n -
i n d u s t r i a l  l a n d o w n e r s  w e r e  t h e  o n l y  o w n e r s h i p  c a t e g o r y  w h o s e  B M P  c o m p l i a n c e ,  
8 1 . 8 % ,  f e l l  b e l o w  t h e  s t a t e  a v e r a g e .  I n  t h e  B l u e  R i d g e  M o u n t a i n  r e g i o n ,  a l l  
i n a d e q u a t e  s i t e s  w e r e  l o c a t e d  o n  s m a l l ,  n o n - i n d u s t r i a l  l a n d o w n e r s '  p r o p e r t y ,  
w h o s e  o v e r a l l  B M P  c o m p l i a n c e  w a s  5 6 % .  
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Each of the variables that have 
been discussed in detail significantly 
affected BMP compliance in this 
study. Other variables that were 
studied, such as soil drainage class 
and soil moisture conditions, affected 
BMP compliance to a lesser degree. 
The four site characteristic variables, 
presence of perennial streams, terrain 
type, percent slope, and physi-
ographic region each describe the 
increased risk involved from harvest-
ing operations that are in close prox-
imity to streams. The density of 
drainage systems increases with slope 
making it more likely for a typical 
harvesting operation in the piedmont 
and mountain regions to have a 
perennial stream present than in the 
coastal regions of the state. 
The four management var-
iables, use of a professional forester, 
required compliance with BMPs, use 
of a sales contract, and percent of the 
site impacted by equipment reflect the 
decreased risk of water quality im-
pairment with active involvement of 
landowners or land managers. The 
use of a timber sales contract with 
specific requirements of complying 
with BMPs is one of the best tools 
available to the landowner. Profes-
sional foresters provide landowners 
with valuable experience in writing 
sale contracts and administering 
timber sales. Routine on-site supervi-
sion of the harvesting operation is 
essential in preventing both on-site 
and off-site impacts. 
Although the variable, land-
owner category, was not statistically 
significant, small private landowners 
have consistently ranked last in BMP 
compliance over the past BMP sur-
veys. Educational efforts which 
concentrate on reaching forest land-
owners are only marginally successful 
due to the large number of landown-
ers in the state. Logger and timber 
buyer education is essential in imple-
menting a successful BMP program. 
S U M M A R Y  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _  
D u r i n g  t h e  p e r i o d  o f  t i m e  r e f l e c t e d  b y  t h i s  s u r v e y ,  c o m p l i a n c e  w i t h  s i l v i c u l -
t u r a l  B M P s  w a s  8 9 . 5 %  o n  h a r v e s t i n g  o p e r a t i o n s  i n  S o u t h  C a r o l i n a .  O f  t h e  f i v e  
m a j o r  B M P  c a t e g o r i e s ,  c o m p l i a n c e  w a s  h i g h e s t  f o r  l o g  d e c k  a n d  r o a d  B M P s ,  
9 9 . 2 %  a n d  9 6 . 0 % ,  r e s p e c t i v e l y .  C o m p l i a n c e  w i t h  h a r v e s t i n g  B M P s  w a s  9 0 . 6 %  
w i t h  t h e  m a j o r  p r o b l e m s  c o n s i s t i n g  o f  i n a d e q u a t e  s k i d  t r a i l  d e s i g n  a n d  s k i d  t r a i l  
s t r e a m  c r o s s i n g s .  C o m p l i a n c e  w a s  l o w e s t  f o r  r o a d  s t r e a m  c r o s s i n g s  a n d  S M Z s ,  
7 9 . 5 %  a n d  7 9 . 9 % ,  r e s p e c t i v e l y .  
T h e  l a c k  o f  c o m p l i a n c e  w i t h  s i l v i c u l t u r a l  B M P s  w a s  c a u s e d  p r i m a r i l y  b y  a  
f a i l u r e  o f  p r i v a t e  l a n d o w n e r s  t o  i d e n t i f y  a n d  a d e q u a t e l y  p r o t e c t  s e n s i t i v e  s i t e s .  
S i t e s  . w h i c h  w e r e  t h e  m o s t  c r i t i c a l  t o  B M P  c o m p l i a n c e  w e r e  s i t e s  w i t h  p e r e n n i a l  
s t r e a m s  p r e s e n t .  T h e s e  w e r e  m o s t  f r e q u e n t l y  p r e s e n t  o n  h a r v e s t i n g  o p e r a t i o n s  i n  
t h e  B l u e  R i d g e  M o u n t a i n  a n d  S o u t h e r n  P i e d m o n t  r e g i o n s  o f  t h e  s t a t e .  A c t i v e  
m a n a g e m e n t  o f  t h e  h a r v e s t i n g  o p e r a t i o n  b y  t h e  l a n d o w n e r  o r  f o r e s t e r  w a s  e s s e n -
t i a l  i n  e l i m i n a t i n g  b o t h  o n - s i t e  a n d  o f f - s i t e  i m p a c t s  o n  s i t e s  t h a t  w e r e  i n  c l o s e  
p r o x i m i t y  t o  s t r e a m s .  
T h e  s i l v i c u l t u r a l  B M P  m o n i t o r i n g  p r o g r a m  i n  S o u t h  C a r o l i n a  h a s  d o c u -
m e n t e d  a  n o t i c e a b l e  i m p r o v e m e n t  i n  B M P  c o m p l i a n c e  o v e r  t h e  p a s t  t h r e e  s u r v e y s ,  
f r o m  8 4 . 5 %  c o m p l i a n c e  i n  1 9 9 0  t o  8 9 . 5 %  c o m p l i a n c e  i n  t h i s  s u r v e y .  I n  f a c t ,  
c o m p l i a n c e  r o s e  f o r  e v e r y  m a j o r  B M P  c a t e g o r y  s i n c e  t h e  l a s t  s u r v e y .  W i t h  
i n c r e a s e d  e d u c a t i o n a l  e f f o r t s ,  p r i m a r i l y  w i t h  l o g g e r s  a n d  t i m b e r  b u y e r s ,  c o m p l i -
a n c e  w i t h  B M P s  s h o u l d  c o n t i n u e  t o  i m p r o v e  i n  t h e  f u t u r e .  
I  
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RECOMMENDATIONS 
Based upon the results of this study, compliance with silvicultural BMPs can be 
improved by redirecting the nonpoint source pollution program to emphasize the 
following points. 
• The recently published silvicultural BMP manual entitled, South Carolina's 
Best Management Practices for Forestry, should be promoted throughout 
South Carolina to reach as broad an audience as possible, including forest 
landowners, forest operators, and forestry professionals. 
• BMP education and training programs should be developed for loggers and 
timber buyers. Limited state resources can be better utilized reaching loggers 
and timber buyers than less accessible forest landowners. 
• BMP education and training programs should emphasize the identification and 
protection of sensitive sites. In particular, sites with perennial streams should 
be identified in the harvest planning process and these sites should be pro-
tected with applicable BMPs. Special emphasis should be placed in the Blue 
Ridge Mountain and Southern Piedmont regions where the density of drainage 
systems, land slope, and erodible soils combine to present challenges which 
are largely unique to these regions of the state. 
• The silvicultural BMP monitoring program in South Carolina has documented 
an improvement in BMP compliance for harvesting operations from 84.5% in 
1990 to 89.5% in 1993. Site preparation activities have the potential to impact 
water quality, but have not been monitored to date. A base-line monitoring 
program should be initiated for silvicultural site preparation activities on a 
statewide basis to determine the level of BMP compliance. 

